Introduction {#s1}
============

Tobacco control is a high-priority global public health challenge. China is the world\'s largest producer and consumer of tobacco products, and has the world\'s largest number of smokers. Ninety per cent of the Chinese smokers report smoking in public spaces, raising the total proportion of non-smokers directly exposed to second-hand smoke (SHS) to more than 53.3%.[@R1] A total of 673 000 deaths were attributable to smoking in China in 2005,[@R2] and trends in tobacco consumption remain alarming.[@R3] The implementation of effective tobacco control policies should be of the utmost importance to public health in China.

Understanding the determinants of tobacco use can help guide the development of culturally appropriate tobacco control programmes. Research investigating individual risk factors for tobacco use has found that smoking is more prevalent among those who have a low level of education, limited income, history of divorce and farming as occupation.[@R4; @R5; @R6] People with less education are more likely to be exposed to environmental tobacco.[@R7] Western studies have examined the association between contextual socioeconomic status (SES) and tobacco use, and found that neighbourhood environment has an important influence on smoking.[@R8; @R9; @R10; @R11; @R12] However, little is known about the association between contextual SES and exposure to SHS.

A Chinese study found that living in a high literacy area was associated with a low rate of smoking.[@R13] However, information about tobacco-cultivating rural areas of China is limited, where the prevalence of tobacco use is the highest.[@R14] Previous Chinese attempts have largely focused on identifying individual-level risk factors for smoking,[@R6] [@R15] but the association between contextual SES and both smoking and exposure to SHS is still poorly understood in China. In order to bridge this knowledge gap, we used multilevel analysis to simultaneously examine the association between individual and contextual SES, and smoking and exposure to SHS, in a tobacco-cultivating rural adult population of southwest China in 2010.

Methods {#s2}
=======

Study area and population {#s2a}
-------------------------

We conducted a community-based cross-sectional survey in Tonghai county of Yunnan province (one of the poorest provinces in southwest China). Tonghai county is an economically advantaged tobacco-cultivating rural area containing nine townships. In 2010, Tonghai county had a population of 279 404 (137 889 men and 141 515 women); the ratio of men to women in the population aged 18 years or more was 0.802.[@R16] The per capita gross domestic product was 15 129 yuan (US\$2285), and tobacco was cultivated in eight townships, yielding 9 796 200 kg of tobacco.

To ensure the representativeness of the study sample, the groups selected for the study covered all nine township districts in Tonghai county. Three villages were chosen by the probability proportional to size  method within each of the nine townships. A list of individuals aged 18 years or more was obtained from the village committee of the every selected village. Simple random sampling was then applied to select the sample subjects.

Data collection and measurement {#s2b}
-------------------------------

Three village doctors from each selected village were employed as local facilitators and 30 medical students from Kunming Medical University were selected as interviewers for data collection. In order to ensure the accuracy and comparability of data collection, a workshop was conducted before the fieldwork to teach the medical students how to use the screening questionnaire and how to conduct an interview.

Each participant who gave informed consent was personally interviewed by one of the interviewers using a pre-tested and structured questionnaire. Information on demographical characteristics, smoking habits and SHS exposure was obtained.

Ethical approval {#s2c}
----------------

This study was approved by the ethics committee of Kunming Medical University before carrying out the research.

Definitions and outcome variables {#s2d}
---------------------------------

Cigarette smokers were defined as persons who had smoked at least 100 cigarettes in their lifetime, and those persons who smoked any kind of tobacco product on a daily basis at the time of the survey were classified as current smokers. Exposure to SHS was defined in terms of persons who reported being exposed to another person\'s tobacco smoke at home or work for a minimum of 15 min at least 1 day/week.[@R17] The adult illiteracy rate was defined as the percentage of the population aged 15 years and above who could neither read nor write with understanding a short simple statement on his/her everyday life. Ethnic minority was defined as any group of people having different culture, language or religion from that of the majority Han population.

Independent variables {#s2e}
---------------------

Independent predictor variables included individual and township (contextual) characteristics. Individual characteristics were age, sex, ethnicity, yearly household income, education and tobacco-cultivating status. The township characteristics or contextual variables were the percentage with primary (grades 1--6) education or higher, percentage of ethnic minorities, average yearly income, population size, area of township and area of tobacco cultivation. Socioeconomic characteristics of townships for the year 2010 were obtained from the local statistics office.

Statistical analysis {#s2f}
--------------------

Descriptive analyses and multilevel logistic regression modelling were used in this study. Multilevel logistic regression was applied to analyse the association between contextual socioeconomics variables and the dichotomous outcome measures of smoking and SHS exposure. The method of estimation was via a generalised linear model using penalised quasi-likelihood, with individual characteristics set at the first level and contextual characteristics at the second level. Individual and township characteristics were fixed effects. The association between contextual variables and smoking and SHS exposure were expressed in terms of ORs and their 95% CI were computed. Age-adjusted prevalence rates of smoking and exposure to SHS were computed by indirectly standardising to the overall sample. All statistical significance decisions were based on two-tailed p values. Data analyses were done with R software V.2.9.2.[@R18]

Results {#s3}
=======

A total of 4120 individuals aged 18 years or more were selected by the sampling process. Of these, 4070 participated, representing an overall response rate of 98.8%.

[Table 1](#TOBACCOCONTROL2012050850TB1){ref-type="table"} shows the participants' demographical characteristics. The participant population consisted of 1774 men and 2296 women. Among the study participants, 29.5% were from ethnic minorities, 20.2% were illiterate and 19.2% were engaged in tobacco cultivation. Male participants had higher level of education than female participants (p\<0.05).

[Table 2](#TOBACCOCONTROL2012050850TB2){ref-type="table"} presents prevalence of current smokers and exposure to SHS among the study participants. Men had remarkably high prevalence of current smokers than women (p\<0.01).

Prevalence of current smokers and exposure to SHS decreased with age, peaking at 33.2% and 78.2% in the total population aged 35--44 years. The Han majority had higher prevalence of current smokers and exposure to SHS than ethnic minorities (p\<0.05). Individuals who cultivated tobacco had higher prevalence of current smokers and exposure to SHS than non-tobacco-cultivating people (p\<0.01).

[Table 3](#TOBACCOCONTROL2012050850TB3){ref-type="table"} summarises the township contextual variables and displays the distribution of age-adjusted prevalence of current smokers and exposure to SHS among the nine townships. There were substantial variations in the percentage of minority ethnicities (varying from 3.1% to 97.1%), population size (varying from 5665 to 65 058), area of township (varying from 12.0 to 188.0) and area of tobacco cultivation (varying from 0.01 to 10.3). Again, men had markedly higher prevalence of current smoking than women.

[Table 4](#TOBACCOCONTROL2012050850TB4){ref-type="table"} shows the results of multilevel analysis. Contextual and individual variables were associated with current smoking and exposure to SHS. Age was negatively associated with the probability of current smoking and exposure to SHS, and men were much more likely to consume tobacco than women. Individual educational level was negatively associated with current smoking, whereas it showed no association with exposure to SHS. Adults who grew tobacco were more likely to consume tobacco and to be exposed to SHS. Living in a high-income community was associated with a low rate of current smoking and exposure to SHS.

###### 

Demographic characteristics of the study population

  Characteristics                              Men (n=1774)     Women (n=2296)   All (n=4070)
  -------------------------------------------- ---------------- ---------------- --------------
  Age (%) (years)                                                                
   18--34                                      416 (23.4)       503 (21.9)       919 (22.6)
   35--44                                      392 (22.1)       469 (20.4)       861 (21.2)
   45--54                                      271 (15.3)       401 (17.5)       672 (16.5)
   55--64                                      313 (17.6)       458 (19.9)       771 (18.9)
   ≥65                                         382 (21.5)       465 (20.3)       847 (20.8)
  Ethnicity (%)                                                                  
   Han                                         1291 (72.8)      1577 (68.7)      2868 (70.5)
   Minorities                                  483 (27.2)       719 (31.3)       1202 (29.5)
  Level of education (%)                                                         
   Illiterate                                  222 (12.5\*\*)   602 (26.2\*\*)   824 (20.2)
   Primary (grades 1--6)                       714 (40.2)       886 (38.6)       1600 (39.3)
   Middle (grades 7--9) or higher              838 (47.2)       808 (35.2)       1646 (40.4)
  Tobacco cultivation                          393 (22.2\*)     390 (17.0\*)     *783* (19.2)
  Approximate yearly household income (yuan)                                     
   Mean                                        5508             4822             5136
   Minimum--maximum                            100--250 000     100--180 000     100--25 000

Italics signifies p\<0.05. \*p\<0.05, \*\*p\<0.01.

###### 

Prevalence (%) of current smoking and second-hand smoke exposure (SHS)

  Variables                             Current smokers   SHS                                                     
  ------------------------------------- ----------------- ---------- ---------------- ------------- ------------- -----------------
  Age (years)                                                                                                     
   18--34                               268 (64.4)        0 (0.0)    268 (29.2)       309 (74.3)    364 (72.4)    673 (73.2)
   35--44                               284 (72.4)        2 (0.4)    286 (33.2)       313 (79.8)    360 (76.8)    673 (78.2)
   45--54                               184 (67.9)        3 (0.7)    187 (27.8)       202 (74.5)    311 (77.6)    513 (76.3)
   55--64                               189 (60.4)        2 (0.4)    191 (24.8)       227 (72.5)    321 (70.1)    548 (71.1)
  ≥65                                   202 (52.9)         6 (1.3)   208 (24.6)       274 (71.7)    278 (59.8)    552 (65.2)
  Ethnicity                                                                                                       
   Han                                  814 (63.1)        8 (0.5)    822 (28.7\*)     1010 (78.2)   1098 (69.6)   2108 (73.5\*)
   Minorities                            313 (64.8)        5 (0.7)   318 (26.5\*)     377 (78.1)    474 (65.9)    851 (70.8\*)
  Educational level                                                                                               
   Illiterate                           197 (88.7)        10 (1.7)   207 (25.1)       161 (72.5)    446 (74.1)    607 (73.7)
   Primary (grades 1--6)                441 (61.8)        3 (0.3)    444 (27.8)       537 (75.2)    598 (67.5)    1135 (70.9)
   Middle (grades 7--9) or higher       489 (58.4)        0 (0.0)    489 (29.7)       627 (74.8)    590 (73.0)    1217 (73.9)
  Approximate yearly household income                                                                             
   Low (\<5136 yuan)                    674 (62.2)        9 (0.7)    683 (27.8)       804 (74.2)    990 (72.3)    1794 (73.1)
   High (≥5136 yuan)                    453 (65.7)        4 (0.4)    457 (28.3)       521 (75.5)    644 (69.5)    1165 (72.1)
  Tobacco cultivation                                                                                             
   Yes                                  294 (74.8)        2 (0.5)    296 (37.8\*\*)   348 (88.8)    340 (72.5)    688 (87.9\*\*)
   No                                    833 (60.3)       11 (0.6)   844 (25.7\*\*)   977 (70.7)    1294 (67.9)   2271 (69.1\*\*)
  All                                   1127 (63.5)       13 (0.6)   1140 (28.0)      1325 (74.7)   1634 (71.2)   2959 (72.7)

\*p\<0.05, \*\*p\<0.01.

###### 

Distribution of socioeconomic status and age-adjusted prevalence rate (%) of current smoking and second-hand smoke exposure (SHS) for the nine townships

  Variables                                                     Minimum   P~25~   P~50~   P~75~   Maximum
  ------------------------------------------------------------- --------- ------- ------- ------- ---------
  Percentage of primary (grades 1--6) education or higher (%)   78.7      78.7    84.4    88.1    94.0
  Percentage of ethnic minorities (%)                           3.1       8.1     14.8    63.0    97.1
  Average yearly income (yuan)                                  2854      4664    4762    5499    8976
  Population size                                               5665      8566    43549   50349   65058
  Area of township (km^2^)                                      12.0      55.0    81.3    100.1   188.0
  Area of tobacco cultivation (km^2^)                           0.01      0.8     5.0     9.4     10.3
  Current smokers                                                                                 
   Men                                                          37.4      59.3    62.8    72.6    76.3
   Women                                                        0.0       0.3     0.6     0.8     1.4
   All                                                          12.6      21.8    28.4    31.7    36.7
  SHS                                                                                             
   Men                                                          33.5      54.3    69.0    77.2    78.6
   Women                                                        40.9      53.9    70.3    76.1    82.2
   All                                                          37.6      54.1    69.3    76.7    81.7

###### 

OR and 95% CI for multilevel logistic regression analysis of smoking and second-hand smoke exposure (SHS)

  Predictors                                        Current smokers (reference: non-current smokers)   Second-hand smoke exposure (reference: non-SHS)
  ------------------------------------------------- -------------------------------------------------- -------------------------------------------------
  Individual variables                                                                                 
   Age                                              0.98\*\*\* (0.97 to 0.99)                          0.98\*\*\* (0.97 to 0.99)
   Female sex (reference: male)                     0.002\*\*\* (0.001 to 0.004)                       0.90 (0.75 to 1.07)
   Educational level (reference: illiterate)                                                           
    Illiterate and primary (grades 1--6)            0.94\*\* (0.91 to 0.98)                            0.98 (0.95 to 1.00)
    Middle (grades 7--9) or higher                  0.95\*\* (0.92 to 0.98)                            0.98 (0.95 to 1.00)
  Tobacco cultivation (reference: yes)              0.76\* (0.57 to 0.99)                              0.76\* (0.58 to 0.99)
  Contextual variables                                                                                 
   Average yearly income (per 1000 yuan increase)   0.66\* (0.57 to 0.77)                              0.58\* (0.52 to 0.65)
  Measures of variation                                                                                
   Township-level variance (SE)                     0.42 (0.078)                                       0.31 (0.063)
   Individual-level variance (SE)                   5.3 (0.91)                                         4.6 (0.74)

\*p\<0.05, \*\*p\<0.01, \*\*\*p\<0.001.

Discussion {#s4}
==========

This study showed a high rate of smoking and exposure to SHS in a tobacco-cultivating rural area of southwest China. The prevalence rates of smoking in men and exposure to SHS in both sexes were greater than the prevalence rates observed in other parts of rural China and in other Asian and Western countries.[@R5] [@R6] [@R19] [@R20] Furthermore, men reported remarkably higher rates of smoking than women in our study, this finding being consistent with other Chinese studies.[@R2] [@R21] Our findings emphasise an urgent need for tobacco control intervention strategies including the need to implement comprehensive smoke-free laws to protect people from SHS in tobacco-cultivating rural areas of China.

In the study population, the prevalence of smoking and exposure to SHS decreased with increasing age, peaking at 33.2% (although this figure reflects a very low prevalence of smoking in women) and 78.2% in the total population aged 35--44 years. Age as an important predictor of smoking has been demonstrated in many previous studies.[@R6] [@R13] [@R20]

In this study, individual educational level was inversely associated with the probability of current smoking and exposure to SHS, whereas contextual educational level showed no association with current smoking and exposure to SHS. The inverse relationship between individual educational level and both smoking and second-hand tobacco smoke exposure has also been found in other Chinese and Western studies.[@R6] [@R7] [@R21] Our findings suggest that community-based tobacco control efforts should particularly target those with low levels of education about the harms of tobacco use.

Our study found that individuals who cultivated tobacco had higher prevalence rates of current smokers and exposure to SHS than non-tobacco-cultivating people. This is possibly due to tobacco farmers having less knowledge about the harms of tobacco use than non-tobacco-cultivating people.[@R22] These results suggest that it is essential to strengthen tobacco farmers' awareness of tobacco hazards and to implement comprehensive smoke-free laws and legislations to protect them from SHS.

Low levels of income have been reported to be associated with high probability of consuming tobacco in developed and developing countries,[@R5] [@R22; @R23; @R24] and living in poor neighbourhoods is associated with an increased risk of daily smoking.[@R25] Our study yielded no evidence supporting any association between individual income and smoking and exposure to SHS. Contextual income, however, was associated with a protective effect on smoking and exposure to SHS. Our result is different from that of these studies.[@R25] The reason for this dichotomy is not clear. The inverse association of contextual income level with smoking and exposure to SHS in our study suggests that future interventions to reduce smoking and exposure to SHS in China should focus more on poor communities.

The following limitations of the study should be noted. First, self-reported smoking and exposure to SES were based on recall, and may therefore be subject to recall bias. Second, the lack of validation of smoking status with nicotine testing may underestimate the prevalence of smoking. Third, interactions were not tested to determine whether township SES effects on smoking and exposure to SHS varied by individual-level characteristic.

In conclusion, male smoking and exposure to SHS were very prevalent in the tobacco-cultivating rural community of southwest China, and future interventions to reduce smoking and exposure to SHS in China should focus more on tobacco farmers, less-educated individuals and on poor rural communities. What this paper addsThis study simultaneously examined contextual and individual demographical predictors of smoking and second-hand smoke (SHS) among southwest China\'s tobacco-cultivating rural adult population. The findings indicated that adults who grew tobacco were more likely to consume tobacco and to be exposed to SHS. Living in a high-income community was associated with a low rate of current smoking. Our findings suggest that tobacco-cultivating status is an important consideration when developing tobacco control policies in rural China, and poor rural communities rather than rich ones should be targeted for future intervention programmes.
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